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SUMMARY

Thisreportpresentstheresultsofan investigationmadeatthe
ExpertientalTowingTank,StevenshstituteofTechnology,to obtain
hydrodynamicinformationona seriesofhullmodelssuitableforsmall
flyingboatsoramphibiansoffrom2000to 5000poundsgrossweight.
Theseriesofhullsconsistedofa basichullwithsimplelines,and
ofplusandmtiusvariationstothisdesigninwhichthebeam,stern-
postangle,andafterbodylengbhwerealtered.Modificationswerealso
investigatedto determinetheadvantageofrefiningthehulllines.

.

Thehullsweretestedforhydrodynamicresistanceandmainspray.
Onthebasisofthesecharacteristics,thebestbeamandsternpostangle
wereselectedforeachofthethreeafterbodylengthsinvestigated.The
resultingthreehullswerefurthertestedforlandingandporpoising
characteristics.

Theresultsshowthatitispossibleto designa hull.withsimple
linesthatwillbe suitableforsmallflyingboatsoramphibians.
Refiningthehulllineswillimprovethehydrodynamiccharacteristics
slightlybutwillalsoincreasetheconstructioncost.

INTRODUCTION

Inrecentyears,theextensivedevelopmentactivityinflyingboata
hasbeendirectedtowardlargemilitarydesignsalmosttotheexclusion
ofworkondesignproblemspeculiarto smallflyingboatsinthe
personal-ownerclass.Thelastcomprehensiveworkonsmallflyingbeats
wasthatundertakenby theNationalAdvisoryCommitteeforAeronautics
in1934onthemodel40 series(reference1). Thesignificantadvances
inhydrodynamicresearchsincethattimemadeitappearthely tomake
a newaadmoredetailedinvestigationof a seriesofhullmodelssuitable
forsmallfl@g boatsandamphibiansrangingfrom2000to 5000pounds
ingrossweight.Suchan investigationwascarriedoutattheExperhental
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TowingTank,StevensInstituteofTechnolo&y,
withthefinancialassistanceoftheNational
Aeronautics.

Thehulldesignproblemsof largeflying

NACATN 2503

underthesponsorshi~and
AdvisoryCommitteefor

boatsaredifferentfrom
thoseofsmallfly&gboats.Thelargerhulis,generallyhavinglower
powerloadingsandlowertake-off-speedcoefficients,arelesssensitive
tothehydrodynamicresistancecharacteristicsthanthesmallerhulls.
Furthermore,whileit i-sfeasibleto incorporateintothelinesofthe
largerhullssuchrefinementsas chineflareanddead-risewarping,the
linesofthesmallerhullsmustbe as simpleaspossibleinorderto
keepconstructioncostswithinreasonablelimits.

Inan investigationsuchasthis, wherethegoalof satisfactory
hydrodynamiccharacteristicsmustbeattainedwitha simpleform,the
hulldesignonwhichthestudyisbasedgreatlyinfluencestheultimate
valueofthework. To thisend,thebasichullusedinthisinvesti-
gationwasdesignedwithsimplelinesonthebasisofpreviousmodel
testsandgeueralexperience.Theseriesofhullsconsistedofthe
basichullandofvariationstothisdesigninwhichthehullwidth,
afterbodyle?gth,andanglebetweenforebodyandafterbodywerealtered.
Inorderto detemninethepossibleadvantagestobe gainedby refining
thehulllines,twoalterationstotheforebodyandonealterationto
theafterbodyofthebasichullweretested.

Theinvestigationwascarriedoutinfourphases.First,brief
testsweremade>0 determinea longitudinalpositionofthecenterof
gravitywhichcouldbe usedforallofthehulls.Second,becaweof
theimportanceofresistanceandmainspraywithrespectto smallflying
boats,thesecharacteristicsweredeterminedforallhulls.Third,on
thebasisofthesetests,thebestbeamandsternpostangleforeach
afterbodylengthwereselected.Theresultingthreehulls,eachof
differentafterbodylength,werethentestedforlandingandlongitudinal
stability.Finally,forebodyandaf%erbodymodificationswereinvestigated
to determinetheiradvantages,ifany,overthesimplifiedhulllines.

DEFINITIONSANDSYMBOLS

Thetermsandsymbolsusedinthisreportaredefinedas follows:

‘A loadcoefficient(A/wb3)

speedcoefficient(v/@)

)

c.
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Pa
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resistancecoefficient(/ )R wbs

(l@$v=)air-dragcoefficient

tr~ing-momentcoefficient(/ )M wb4\ .

(/)longitudinal-spraycoefficientX b

([)vertical-spraycoefficientZ b

liftcoefficient

ratioof forebodylengthtobeam

ratioofafterbodylengthtobeam

pitching“~adius”constant

aerodynamicpitch-damping

loadonwater,pounds-

specificwei~t

maximumbeamof

speed,feetper

ofwater;

constant

62.3

hullat chine,

second

poundspercubicfoot

feet

accelerationdueto gravity;32.2feetpersecond
persecond

resistance,pounds

airdrag,pounds

maxinnmcross-sectional
0.185squarefeetfor

areaofmodel,squarefeet;
modelswith6-inchbeam

massdensityofair,pound-secondssquaredperfoot4

massdensityofwater,pound-secondssquaredperfoot4

-. .— . —— .—. —_________ ___ _—___ . _______ ______ __ _
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M trimmingmoment,pounds

x . longitudinalpositionofmain-spraypointoftangency,
measuredfore(positive)oraft(negative)ofthestep, I
feet

z verticalpositionofmain-spraypointoftangency,meas-
uredfromtangentto forebodykeelatmainstep,feet

k forebodylength,measuredfromintersectionof chineand
keelto stepalonga lineparalleltotangentto fore-
bodykeelatmainstep,feet

La afterbodylength,measuredfromstepto sternpost,feet

L totallength,forebodyplusafterbody,feet

k pitchingradiusof gyration,feet

Mq aerodynamictail-dampingderivative(seesectionentitled
“ApparatusandProcedure”forcompletedefinition?)

s fullscale,usedas a subscript

m model,usedasa subscript

h stepheightatmatistep,percentofmaximumbeam

a sternpostangle,anglebetweentangentto forebodykeel
atmainstepandlinejoiningtipof stepandthestern-
post,degees

Pf forebodydeadriseat keelandmainstep,degrees

T trti,anglebetweentangentto forebodykeelatmainstep
andfree-watersurface

Momentdatasrereferredtothecenterof gravity,andwater
t.rhmdngmomentswhichtendto raisethebowareconsideredpositive.
Thecoordinatesofthecenterof gravityaremeasuredabovethetangent
totheforebodykeelatthemainstepandforwardofa planeperpendi-
culartothekeelandpassingthroughthestep.

.
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Thefollowingcombinationsofthecoefficientsdefinedaboveare
used:

Coefficient Symbol Takenfrom
reference-

Planingrange
.

Lift ~dcv 2

Resistance @% 3

Displacementrange

Speed C#@3 3

Resistance @@A2/3 3

Longitudinalspray
d
c cA113 k

Verticalspray
/

c~ CL 4

Thenumericaldesignationofeachmodel(shownonthesumuary
charts)describesthep~incipalhullproportions.Thus,ifa modelhas
thedesignation

.

itmeansthat
thisnumerical

3.25- 1.04-20

~lb = 3.25,h/a= 1.04,and f3f= 20. Thebasisfor
modeldesignationisexplainedinreference5.

Thisinvestigation
hullsforamphibiansof
hydrodynamictestsover

DESCRIF’IIOIVOFMODELS

Over-AllDesign

wasundertakentoprovidedesigninformationon
from2000to 5000poundsgxossweight.By
sufficientlywiderangesof get-awayspeed

making
and

..—.
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loading,itwasfeasibleto formtheseriesarounda
havingan intermediategrossweightof3000pounds.

NACATN 2503

singleprototype
Thegeneralpro-

portionsfora hullofthissizewerebasedto someextentonpublished
designinformationgivenh reference6. HulldimensionsofvariouE
smallamphibians, scaledtoa grossweightof 3000pounds,aregiven
intableI. Onthebasisofmoderntrends,a forebodylengthof
156incheswaschoseninpreferencetotheaveragevaluegivenin
tableI. Thenormalbeamwasselectedas48 inches,withalternate
valuesof42and54 inches.

Afterbodiesofvaryinglengthwereincludedintheinvestigation.
ThevaluesoftaillengthgivenintableI wereusedasa guidein
selectingthelongestlengthofafterbodywhichwas216inches.The
shortestafterbodylengthof 108incheswasselectedas comparablewith
thatusedinpreviousdesigns.Thenormalafterbodylengthforthe
serieswastakenhalfwaybetweenthelongandshortafterbodylengths.
Consequently,aswillbe notedinthetabulationofmaindtmensions
below,thebasichullofthefamilyhasanafterbodylengthsomewhat
greaterthantheaverageofafterbodylengthsobtainedfromtableI.

Thefollowingfull-sizeprototypemainhens ionswereincorporated
inthebasichull.TheaveragedesigndimensionsobtainedfromtableI
arealsopresentedforcomparison.

Dimension kS iChull Average
E.T.T.model102LO1 givenintableI

Grossweight,pounds 3000 3000
Forebodylength,inches 156.0 140.7
Afterbodylen@h,inches 162.0 111.8
Beam,maximum,inches 48.0 -----
Beamat step,inches 47.72 47.2
Deadriseat step,degrees 20.0 lg.8
Stepheight,inches 4.0 3.2
Afterbodyangle,degrees -----
Sternpostangle,degrees ;:: 9.4
Modelscale 8.0 -----

TableIIgivesadditionalparticularsofthebasichull.

.,
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Forebody.-Whereverpractical,thehulllineschosenweremadeup
fromreadilycomputablecurves- a processwhichpermitsconvenient
scalingofthelinesup or down. Inaddition,thisproceduxehascon-
structionadvantagesbecauseitfacilitatestheaccuratejoiningof
componentportions.

The“forebodyflat”- theregioninwhichthedeadriseincreases
linearlywiththedistance.forwardofthestep- is34.6percentofthe
forebodylength.It issufficientlylongto satisfytheneedofplaning
areaat thehump,andyetshortenoughto obtaineasybuttocklines.
Thevariationindead-riseanglewithforebodylengthisshowninfig-
ure1. Thedeadriseat thebowofthesmphibianis45°. Itwasnot
deemednecessarytomakethebowdeadriseashighas iscustomaryon
militaryflyingboatssincethewholeforwardportionofthebasic
forebodywasliftedrelativelyhigherabovethebaseline.&caWe of
thehigher-placedbowsections,thebasicdesignshouldbe ableto
operateinwavesof greaterheightthanpreviouslybuiltflyingboats
ofthesizecontemplated.

Thekeelcurvature,startingattheforwardendoftheflat,is
ofessentiallyellipticalform,as showninfigure2.

Beam.- A maximumbeamof48 inches,occurring24 inchesforwsrdof
thew~step, wasselectedforthebasichull. Placingthemaximum
beamforwardofthestepyieldsthemaxhnumwettedareafora given
wettedlength,a conditiondesiredathumpspeeds.AE thespeedincreases
andthewettedareadiminishes,thewettedlengthbecomesexcessively
shortfora givenbeau;itisthereforeadvantageoustohavea smaller
besmat thestep.Thisexpedientprovidesbotha greaterareaforward
anda greaterspaceforthecockpit.Inaddition,itprovidesforfiner
linesaft,thusreducingafterbodyinterferencewithsprayfromthe
forebodyathighspeeds,andalsoreducingtheskinareaofthehull
whichwouldtendto reducebothweightandcost.

Theplanoftheforebodychinelinefromthebowtothemaximum
beamat station132is,essentially,ofellipticalform.Fromsta-
tion132to thesternpostoftheafterbody,theplanformisa modified
parabola,as indicatedinfigure3.

Mainstep.-Thedepthof thestepinfluenceslandingstabilityand
resistanceathighspeeds.A stepdepthof4 inches(8.3percentof
maximumbeam)wasselectedforthebasichull. The4-inchstepheight
appearstobe adequatewhencomparedwiththeinformationontheinflu-
enceofvariouEhullparametersuponskipping(seereference7). A

- -- . .. . . _ ...— .—— ..—-. .—. __ ----- __ ____ —-. _ .—
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laterreport(reference8)notavailableatthetimethesehullswere
designedgivesadditionaldesignin.fomnationonstepdepth.

Afterbo&y.- Thedead-riseangleoftheafterbodywasmaintatied
at 20°throughoutthelengthoftheafterbody.

Tailconeswerenotincluded.Afterbody-roachprofilemeasurements
fortheshortafterbodiesatprehumpspeedswereincludedinthetest
programto aidthedesigner.

Spraystrips.-Shple spraystripsofthetypeshowninfigure4
wereattachedtotheforebodesinorderto controlthespray.

Lines.-Thelinesthusderivedfortheparentmodelwithvariations
ofafterbodylengthareshowninfigure~.

.

HullSeries

Theblockgrid,figure6,showsthebasicmodelandtheplusand
minusvariationsinbesm,sternpostangle,andafterbodylengthofthe
basicdesignmakingup thehullseries.

h derivtigthehullsofwiderornarrowerbeam,theforebody-hel
profileandthedead-riseanglesofthebasichullwereunaltered.Thus,
thechineheightsabovetheforehodyhel variedforhullsof different
beam,butthelateralandlongitudinalanglesoftheplaningb@mm
remainedconstant.Theforebodyplainformwasalteredwithchangein
beam,becausethevalueofthebeam b enterstheforebody-plan-form
eqmtiongiveninfigure3. Theafterbodyplanformwasalteredwith
changeinlengthandbeamby changingthevaluesoftheconstantsin
theequationofafterbodyplanform.Thevalueoftheconstantp was
deteminedby thebeamandafterbodylength.Theexponentwastaken
aa 2.25forthelongafterbody,2.50forthemedium-len@hafterbody
(parent),and2.75fortheshortafterbody.

Thechangeinsternpostangle
bodyabouttheintersectionofthe
ofthemainstep.

Thelinesoftheothermodels
and8.

wasaccomplishedby rotatingtheafter-
afterbodykeelwiththeverticalplane

in theseriesareshowninfigures7

—.. .—_ —. —— —_____
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HullModificationstoParent

Thehullserieswasdesignedwiththeobjectof obtainingsatis-
factoryhydrodynamiccharacteristicswith“simplified”lines.Since
oversimplificationcouldresultinhydrodynamicpenalties,tworefine-
mentsoftheparentforebodyandoneoftheparentafterbodywere
investigated.

Concaveforebodybottom(modelno.1220-01).-Thechineandkeel
linesoftheparenthull(modelno.1024-01)wereretainedbutthe
bottomwasmadkconcaveandno chinestripswereused(fig.9).

Increasedforebodydead-risewarping(modelno.1222-01).The
deadriseoftheparent.forebodywaaincreasedforwardof station102 .
tothebow. Theincreasewasobtainedby droppingtheparentkeelline
andraisingthechinelineequalamountsateachstation(figs.1 and9).

Afterbodydead-risewarpingmodelno.1221-ol).- Theconstant
afterbodydeadriseof20°wasalteredtohavea maxtiumdeadrise
of 33°atstation237(figs.1 and9).

APPARATUSANDPROJEDURE

Thetestfacilitiesoftank3 oftheExperimentalTowingTankare
describedinreference9. Theapparatusemplo~dinconductinggeneral
testsforresistance,main-spray,andporpoistigcharacteristicsof
flying-boathullsisshowninfigure10.

Withbuttwoexceptions,alltestswereconductedinsmoothwater
ata seriesof constantspeeds;bow-spraytestsweremadeinwaves,and
landingsweremadeasthetowingcarriagewasdecelerated.

Theparabolicunloadingcurvesgiveninfigure11showtheupper
andlowerlimitsoftheloadingrangeusedintheresistance,spray,
andporpoisingtests.

Theresistanceinvestigationwasmadewiththemodelsfreeto trim
inthedisplacementspeedrangeandat a seriesof fixedtrimanglesin
theplaningspeedrangeovera widerangeof load.Inalloftheresist-
ancetests,a 0.040-inch-diameterstrutwastowedaheadofthemodel
to induceturbulenceinthemodelboundarylayer.Ithasbeenfound
frompasttestingexperienceatthistankthata definiteimprovement
intheuniformityandreliabilityofthedatacanbe obtainedwith
inducedturbulence.Theresistanceincludestheairdragof themodel,
butdoesnotincludetheairdragoftheapparatus.

———-- ———-. ..———- .. .—— -— _ ———— ——--—--—.— --—--—
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Themain-spraytestsweremade
mode1sfreetotrtiovera wide

inthedisplacement
rangeof load.The

NACATN 2503

speedrangewith
dimensionsof

main-sprayblisterwereobtainedbymeansofthree-viewphotographs.
Withtheaidofmirrors,a cameramountedabovethemodels~~t~eo~lY
recordedtop,front,andsideviewsofthesprayblister.Thisphoto-
graphictechniqueisdescribedInreference10.

Generalporpoisingtestswererunata numberof ftiedspeeds,the
choiceofspeedsdependingontheload.At eachspeed,momentswere
appliedto covera rangeoftrimssufficientto embracetheupperand
lowerstabilitylimits.At eachspeedandappliedmomenta testwasmade

. withdampinginpitchobtainedbymeansofa calibrateddashpot=d
piston.Theaerodynamicpitch-damptigrate ‘q forthehorizontaltail

alonewasdetermtiedfromtheequationgivenh reference2:

()Mq = K!!‘t%% % t poundsfeetseconds/radian

wastakenas 1.00.Thevaluesoftailarea St and
weretaken-fromtheaveragesgivenintable1. The
wascalculatedfromunpublishedcurtiesofwind-tunne1

testsf&nishedby oneoftheaircraftmanufacturers.Forthisinvesti-
gation,a pitch-damptigratecorrespondingto ‘q = 7.53X 10-%m was
used.

.
ThespecificporpoisingapparatusshowninfigureI-2anddescribed

inreference11wasusedinconductingthelandingtests.Thisapparatus
isequippedwitha hydrofoilwhichiscalibratedtoprovidethescale
aerodynamicliftforcesandforcederivatives.An attemptwasmadeto
duplicatethefull-sizelandingmaneuveras closelyaspossible.While
intheair,themodelwasacceleratedtowelloverthelandingspeed
withenoughappliedmomenttoholditat somepredeterminedlanding
trti.Themodelwasthendeceleratedattherateof 2 feetpersecond
pers~conduntilit landed.Fromtheinstantthatdecelerationbegan
anduntilafterthemodellandedthemodelheaveandtrimwererecorded.
Thenumberofskipscanbe determinedfromsuchrecords.

Thelandingtestsweremadeat onegrossweightandtwowtig
loadings.Thelandingtrimanglewaqdeterminedby thewingcharac-
teristicsas a functionofwingloadingandspeed.Curvesof landing
trimagainstlandingspeedforthetwovaluesofwingloadinginvesti-
gatedareshownb figure13.

-— —.. — ——. - -.
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Therewere27possiblehullcombinationsofvariationsinbeam,
sternpostangle,andafterbodylength,as showninfigure6. Itwas
thoughtbestto selecttheafterbodylengthastheindependentvariable,
thusnarrowingtheproblemto theselectionoftheproperbeamandstern-
postanglefora givenlengthofafterbody.At theoutsetofthepro-
gram,itwasanticipatedthatthe8 extremecombinationsofbeam,stern-
postangle,andafterbodylengthcouldbe omitted,therebyreducingthe
numberof combinationsto 19. However,testresultson someofthe .
othermodelsindicatedthat4 oftheextremecombinationsshouldbe
testedbutthat2 ofthe19combinationscouldbe omitted,sothat21
ofthepossible27combinationswereinvestigated(seefig.6).

Theinvestigationwascarriedoutb fourphases.Inphase1,
preliminaryporpoisingtestswereundertakento selecta suitablevalue
forthedesignpositionof’thecenterof gravitytobe usedinallof
thetests.Bymakingbriefporpoisingtestsonthehullhavingthe
widestbeamandlargeststernpostangle(shortestforebodywettedlength),
withvariouslongitudinalpositionsofthecenterofgravity,itwas
possibleto selecta center-of-gravitylocationsufficientlycloseto
thesteptopreventlower-limitporpoisingnearhmp speed.Bymaking
briefporpoisingtestsonthehullhavingthenarrowestbeamandlowest
sternpostangle(longestforebodywettedlength),withvariouElongi-
tudinalpositionsofthecenterof gravity,itwaspossibleto select
a center-of-~avitylocationsufficientlyfarforwardofthestepto
preventupper-limitporpoising.Thus,a center-of-gravitylocation
deemedsatisfactoryinthesetwoexbemecaseswasselectedforthe
entireseries.

Theresistanceandmain-spraycharacteristicsarethetwomost
importaut,,bydrodynamiccharacteristicsina studyofthistype. In
phase2,therefore,all21hullcombinationsweretestedforresistance
andmain-spraycharacteristics.

Onthebasisofthetestsinphase2,threehullcombinations- one
foreachafterbodylen@h- wereselectedforfurthertesttig.Twoof
thesethreehullswereinvestigatedforlandingcharacteristics.Stice
itwasknownthatthedepthofstepinfluencesthelandingstability,
oneofthesehullswastestedwithno-l anddecreaseddepthofstep.
Porpoistigtestswerethenmadeoneachofthethreehullcombinations
at thebeststepdepth.Thisportionoftheworkwasdesignatedphase3.

—— . -- .—-—— — —— .——— ——— .—
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Phase4 wasplannedinorderto
ofusingtesteddesignrefinements.
investigatedwereas follows:

Refinement

Concaveforebodybottom

Increasedforebodydead-rise
warping

Afterbodydead-risewarping

NACATM 2503

determinethepossibleadvantages
Therefinementsandcharacteristics

Characteristicsinvestigated

Low-speedresistanceandmainspray

Low-speedresistance,mainspray,
bowspray,andlower-limitporpoising

Landingandhigh-speedresistance

RESULTS

Center-of-Gravity-LocationTestData

Theresultsofthepreliminaryporpoisingtestsmadeonthebulb
withthewidestbesmandlargeststernpostangle(shortestforebody

.

wettedlength)andwithnarrowestkam andloweststernpostangle(longest
forebodywettedlength)to determinea longitudinallocationforthe
centerofgravitywhichcouldbe usedforallofthehullsaregiven
infigure14. Althoughthechangesincenter-of-~avitylocationdo
notaffectthetrimltiitsofstability,theydoaffectthefree-to-
trtitrack.Thecenter-of-gravitylocationusedinallsubseq~enttests-
1.50inchesforwardofthestepand6.50inchesabovetheforebodykeel-
gavea free-to-trimtrackwhichwasabovethelowerandbelowtheupper
trimlimitsofstabilityforthetwoextrememodelsinvestigated.

GeneralTestData

Thedataobtainedfromthetestsofallhullsinvestigatedaregiven
incollapsedformonsummarycharts(figs.15to 35). Thisformof
presentation,develo~dbyLocke(seereference5),enablestheresults
ofresistance,spray,andporpoisingtestsforanyonemodeltobe pre-
sentedona singlesummarychartwhichisdividedintothreepartsand
shows:

(1) At thetop- iltiensionsofthesprayblisterenvelopesforfree- .
to-trimtestsat displacementspeeds,inaccordancewiththemethodof
presentationdevelopedinreference4.

—.—.—c — — ——
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(2)Inthe
at displacement

middle- resistanceandtrim&mgleforfree-to-trimtests
speeds,inaccordancewiththemethodofpresentation.

developedinreference-3.A curveisshownforeach CA,-sincenobasis

hasbeenfoundforcollapsingthetrimtracksinthisspeedrange.

(3)At thebottom- resistanceandstabilitycharacteristicsat
planingspeeds,inaccordancewiththemethodsofpresentationdeveloped
inreferences2 and3. Thecurvesrepresentthedataforallvalues
of CA andtrimcoveredby thetests.

Thesummrychartscanbe usedtomakeeitherspecificorgeneral
comparisonsusingthemethodoutlinedinreference12.

StaticProperties

Thetrtianglesand
loadingswiththemodels

thedraftatthemainstepobtainedatvmiouE
atrestir’thetankaregiveninfigures36

and37. Thecenter-of-gravitylocationusedinthesetestswasthesane
asthatusedthroughouttheentireinvestigation.Staticproperties
ofallhullcombinationswerenotobtained,butthosethathavebeen
obtainedrepresentthemoreimportanthullcombinations.

each
hull

IandingTestData

Specificlandingtestsweretobemadeonthreehulls- onefor
afterbodylength.Unfortunately,itwasimpossibletotestthe
withthelongestafterbodylengthwithouta costlyrevisionofthe

apparatus.%e othermodelsweretestedatvariousdepthsof step,and
theresults,whichareintheformof chartsofnumberof skipsagainst
trimangleat contact,aregiveninfigures38and39. Thevariationof
trimanglewithspeedusedinthelandingtestsisgiveninfigure13.

Hull-ModificationTestData

Thevarioushullmodificationsweremadeto showtheimprovements
thatcouldbe gainedby refiningthehulllines.Sincethemodifications
wouldnotchangeallthehydrodynamiccharacteristics,themodified
hullsweretestedonlyforthosecharacteristicswherechangescouldbe
anticipated.Thedataobtainedfromthetestsofthemodifiedhulls
aregivenincollapsedformonsummarycharts,figures40 to43. Fig-
urek-kshowstheinfluenceof stepdepthontheskippingcharacteristics
ofthehullwiththewarpedafterbody.

-—. __.—._— _ .—— . .——-
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Afterbody-RoachProfileMeasurements

Witha boom-supportedtailassemblyitis importantthatthetail
clear&e afterbodyroachoccurringat speedsjustbelowthehunp.
Afterbody-roachprofiles-fortheshort-d mediumafterbodylengthme
giveninfigures45,46, - ‘–and4(.

Ati-DragTests

modelswasdeterminedwiththemodelinair,
watersfiface,andrunata numberofspeeds
TWOmodelswitha 6.00-inchbeam- onewith

Theah dragofthe
supportedjustabovethe
andvarioustrtiangles.
a shortafterbodyanda & sternpostangle,theotherwitha longafter-0
bodyanda 10°sternpostangle- wereusedinthesetests.Theaverage
dragcoefficientCD wasfoundtobe substantiallyindependentofmodel,
speed,andtrimsngleandtohavea valueof
ofthiscoefficientcanbe explainedonlyby
hadanopendeck.It isofsimilarorderto
beentestedinthistank.

Ibw-SprayTests

about0.80.Thehighvalue
thefactthatthemodel
manyothermodelsthathave

.

.

A fewrough-watertestsweremadeonthebasichull(modelno.1024-01)
andtheh~l withincreasedforebodywarping(modelno.1222-01)at
speedsrangingfrom4 to‘1Ofeetpergecond(Cv= 1.0to 2.5)witha
loadof5.45poundE(CA= 0.70)inwaves3 by 60 inches(2by 40 feet
fullscale)and4.5by 90 inches(3by60 feetfullscale).Theresults,
whichme basedonvisualobse~tio~j me givenbelow:

Wavesize
Modelno.

3 in.highby60 ti.long 4.5h. highbySQ in.long

Slightsprayoverbow Muchsprayoverbow
1024-01 at 6 ft/sec; aboveand from8 to 10ft/sec

(basichull) belowthisspeedbow
clear

1222-01 Slightsprayoverbow Muchsprayoverbow

(incryea:rebody at 6 ft/sec; aboveand at 7 ft/see,dimin-
belowthiss~ed bow ishinguntilbowiS
clear clearat 10ft/sec

Therewasa slightimprovementinthebowspraywithincreasedforebody
warping.

.

.- . — -—
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ANALYSISANDDISCUSSION
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ResistanceandMain-SprayTests

To selectthebestbeamandsternpostanglefora givenlengthof
afterbodyonthebasisofresistanceandmain-spraycharacteristics
requiresmeansformakingcomparisonsofthevarioushulls.A comparison
betweendiffefenthulls,however,isnoteasytomake,sinceno nondimen-
sionalformofpresentingtestdatahasyetbeendevised‘torepresent
satisfactorilythetransitionbetweenthedisplacementandplaningstages.
Evenifthisproblemweresolved,a directcomparisonwouldbe possible
onlyifonecurvewereto lieaboveanotherthroughouttheentirespeed
range.

Itmightbe imaginedthata satisfactorycriterionforcomparison
wouldbe theresistancewhenthemodelcarriesa definiteloadat a
definitespeed.However,a difficultyarisesh thismethod.If,for
a givenvariationof loadwithspeed,thebeamofthehullisaltered
whilethelengthisheldconstant,thewaterresistancealsochanges.
l?hisisshowninfigures48 to54,wheretithespecificresistance
characteristicsareworkedoutfora largenumberofcasesforonetake-
offspeedandoneweight.Innearlyallofthecasesitwillbe seen
thatasthebeamisdecreasedthehumpresistanceticreaseswhilethe ~
resistanceathighspeeddecreases.Thisisinagreementwithprevious
investigations(see,e.g.jreferences13and14).

Noweventhesechartscannotbe useddirectlyto determinethe
optimumconfigurationbecauseoftheinterrelatedeffectsoftheavail-
ablemarginofthrustatthemainhumpandatthesecondhmnpnear
get-awayspeed.Thus,ingeneral,a largeexcessthrustanda hightake-
offspeedfavora narrowhull. Therearel.tiitationsjhowever,onhow
narrowa hullcanbemade,sinceoverloadinga hullcausesittothrow
upa largesprayblisterat lowspeeds.Figure55illustratesthis,
foritshowsthatthesprayheightsincreasewithdecreaseinbeam.

Inviewoftheaboveconsiderations,itwasapparentthattake-off
calculationsunderspecifieddesignconditionswouldaffordtheonesure
meansofassessingthemeritsofthevarioushulls.Calculationswere
thereforeundertaken,withthefollowingfull-scalefactorstakenas
beingcommontoall:

Grossweight,pounds. . . . . . . . . . . . . . . . . . . . . . .3000
Take-offspeed,milesperhour . . . . .,. . . . . . . . 60,68.7,77.4
Wingloading,poun& persquarefootofwingarea. . .11.03,14.5,18.4
Take-offliftcoefficient

()
CL . . . . . . . . . . . . . . .. . . 1.2

Theobjectiveofthetake-offcalculationsisto enabletheselection
ofthebestbeamandsternpostanglefora givenlen@hofafterbody.
Forthiscomparisontobe effective,thespraycharacteristicsofall

. —.—.. ....——— -—— .—— —..—.— — ——— —-— — . . .—— —— —-—-——— —
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hullswitha givenafterbodylengthshouldbe a~roximatelythesame.
Thiscanbe accomplishedby selectingthedisplacementforeachofthe
modelhullsona constantforebodyplan-formareabasis,as originally
suggestedinreference15. Thedisplacementsforcmstantforebody
plan-formareaandthecorrespondingscaleofmodelsaregiveninthe
accompanyingtable:

(:.)
5.25

6.00

6.75

Model

(5.) (?b)

19.50 4.80

19.50 5.86

19.50 6.99

Scale

m

8.55 3.74 13.89 52

8.00 4.00 13.00 52

7.54 4.24 1?.25 52

.

Severalsimplifyingassumptionsweremadetoreducethelabor
tivolvedinthecalculations.Themosttiportantwasthattheliftwas
nota functionoftrfiangle,whichpermittedtheuseofa parabolic
unloadingcurve.Theairdragoftheairplanewasnotincludedinthe
totalresistance,and,inaneffortto compemateforthis)no correction
wasmadetothemodelfrictionalresistance.

Inthecalculations,thehullsweretrimmedtothezerc-momenttrim
trackupto justbeyondthehmp speed.Fromhumpspeedto get-away,
thetrimtrackselectedwasa smoothtransitionfromthefree-to-trim
tracktothetrimforminimumresistanceat ~ percentof get-awayspeed.

,
Thethrustcurvesusedinobtainingthetake-offttiesarethe

ssmeasthoseusedanddiscussedlateron inthereport.Chartsofthe
variationofresistancewithspeedforthemiddletake-offspeed
(68.7mph)me givenh figures56to 58.

Theheightofsprayatthreelongitudinallocationsalongthehulls-
6 feetforw~aofthestep,atthestep,and6 feetbehindthestep-
forthemiddletake-offspeedisgiveninfigure59. ThisCOllS_hIl_b
forebodyplan-formareacomparisonshowssomevariationsinsprayheight
asthebeamischangedwithinanafterbodylengthgroup.Thevariation
ofsprayheightis,however,muchlessthanthatobtainedona constant
loadbasis,as showninfigure55.

.

‘.

-—-——— -z_———.-
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Thetake-offtimes
giveninfigure60. It
timesareonlyrelative

17

(fullscale) obtainedfrcmthe-calculationsare
shouldbeborneinmindthatthesetake-off
becauseoftheaforementionedshortcutstalqm

in makingthecalculations.Thetake-off-timecomparisonshowsthat,-:.
forhullswiththeshortafterbody,theoptimwnbeammaybe somewhat. ‘
greaterthanthewidestbeaminvestigated,andtheoptinnmsternpost
angleappearstobe about& orpossiblya littlelower.Forhulls
withthemediumafterbody,theopttiwnbeamis4.0feet,andtheopti-
mumsternpostangleisabout80. Forhullswiththelongafterbody,
theoptimunbeamagainis4.0feet,andatthisbeamthereis“very
littledifferenceintake-offtimewithchangeinsternpostangle,
althoughthehighersternpostanglesshowa slightadvantageasthe“
take-offspeedisincreased.

Themain-spraycomparisonforthetake-offspeed
hour,figure’59,givesaboutthesameresultsas does
comparison.

of68.7milesper
thetake-off-time

Onthebasisoftake-offtimesandsprayheights,thebestbeam
andsternpostangleforeachlengthofafterbodywereselectedfor
furthertesting.‘Thebeamselectedforallthreeafterbodylengths
wasthemiddle,or4.O-foot,beam. Thesternpostanglesselected
were6° fortheshortafterbody,8°forthemiddleafterbody,and10°
forthelongafterbody.The10°sternpostangleforthelongafter-
bodywasdeemedbest,sinceatthissternpostangle
resistancesarenotonlyloweratbesttrimbutare
attrhs abovebesttrim,asshowninfigure61.

LandingTests

thehigh-speed
considerablylower

Afterthebestbesmandsternpostangleforeachofthethree
afterbodylengthswereselectedonthebasisofresistanceandspray,
twoofthesethreemodelswerefurtherinvestigatedforlandingand
porpoisingcharacteristics.Thek-inchfull-scaledepthof stepused
inthisseriesw selected,as discmsedearlierinthti-report,to
avoidinstabilityonwaterlandings.The,resultsofthelandingtests
(figs.38and39)giveno indicationofskippingatthedesignstep
depthof 4 inches(8.3percentofthebesm).Theparenthulldid
encountersomeskippingon lanolinwhen@e stepdepthwasreducedto

72 inches(4.2percentofthebeam, as showninfi~e 39. me ~d~g
testsindicated,therefore,thatthedesignstepdepth.shouldnotbe
alteredwiththebasicafterbody.

,, ,.
,.

,,’ .,.,, :-.. ,, ,..1,.
.. .,,~,.rG..” .’-, }(,-:‘if

-.. ..—__ ___ _____ _____ ___ —. —-. . ..—
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Full-ScaleResistancesandTdse-OffTimes
.

Tomakethestudymorecomplete,andto illustratethemoredetailed
applicationofmodeldata,theresultsoftheresistancetestsforthe
threehullshavebeenexpandedto fullscale.Thefollowingconditions
wereassumedforadditionalcalculations:

Hull1 Hull2 Hull3

Grossweight,lb 3000 3000 3000

Take-offspeed,mph 60 68.7 77.4

Wingarea,sq ft 272 207 163

Wtigloading,lb/sqft . 11.03 14.5 18.4

Aspectratio 6 7.89 10

Horsepower 185 215 245

.

Thebestthreemodelhullspreviouslydeterminedwereusedh this
study.Again,thefree-to-trimtrackwasfollowedto justbeyondhump
speed.Fromhumpspeedto get-away,thetrimtrackfolloweda faired
curvefromthefree-to-trimtracktothetrimforminimumresistance
at 90percentofget-awayspeed.Modelairdragsweresubtractedfrom
themodelresistancedatato givehydrodynamicdrag.

Itwill‘berememberedthatintheseresistancetestsan effortwas
madeto insuretheexistenceofturbulenceintheboundarylayerby
meansofa struttowedaheadofthemodel.Thisresultsinsomewhat
highermodelresistancesbutmakesitpossibleto correctthefrictional
resistancewhenexpandingfrommodelto fullscale.

Sincethefrictionalresistanceisa smallpartofthetotalhydro-
dynamicresistanceat speedslowerthanhumpspeed,no correctionof
thefrictionalresistancewasmadeinthisspeedrange,andthemodel
resistancewasexpandedto fullscaleby multiplyingthemodelresis-
tanceby thecubeofthescaleratio(seereference16). At speeds
beyondhmp speed,wherethefrictionalresistanceisa largepartof
thetotalresistance,themodelresistanceswereexpandedto fullsize
by a method(seeappendixA) similartothatusedinexpandingsurface-
shipmodeldata.Thismethodofexpansionis importantonlyinthe

.,

.

—- —. ———————
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regionofthesecondary
ofthrust)whichOCCWS

L 19

8

peakofresistance(ormirdmumavailablemargin
atapproximately90percentofget-away,andwhich

isassociatedwiththephenomenonoftenreferredto as “sticking.”At
thisparticul-pointofthespeedrange,allofthecorrectionscanhe
l-d togetherandapproximatedby usingtheratioofm@el to full-
scaleexpansionof A2”80 insteadof X3 whichwouldresultifthe
Reynolds

The
expanded
thedrag

The

numbereffectwereheglected.

calculatedairdragoftheairplaneandhullwasaddedtothe
waterresistances.Theairdragattake-offwascomputedfrom
componentscorrectedforchangeinangleandgroundeffect.

dragcoefficientsusedforthecomponentpartsoftheairplane
aregivenk tableIIIandthecurvesofpoweravailableandpower
requiredaregiveninfigure62. Fromthisinfozmationjthepropeller
characteristicswereselected(givenintableIII)andthethrustcurves
computedby themethodsoutlined@ reference17.

Thetake-offtimesofeachofthethreehullswerecomputedfor
eachofthethreetake-offspeeds.Thecurvesofwaterresistanceplus
airdragtogetherwiththethrust,curvesgiveninfigures63to 65were
usedto computethetake-offtimes.

.
Thetake-offtimesofthehullsunderthevariousconditionsare

approximatelythesame.Thisshouldnotbe surprisingbecausethebest
beamandsternpostanglewereselectedforeachlen~hofafterbtiy.

Porpoisi&Tests

TheupperandlowertrimUmitsofstabilityforthethreehulls-
eachof Herent afterbodylength. underthevarioustake-offconditions
aregiven~ figures66to 68. A comparisonofthesechartsshowsthat
thestabletrimrangeticreaseswiththelengthoftheafterbody.

HullModifications

Theeffectofthespraystripsusedonthemodelscanbe seenin
figure69,wherea comparisonofthemain-sprayheightsoftheparent
modelwithandwithoutspraystripsisgiven.Thischartshowsthat
thespraystripsareextremelyeffectiveinreducingtheheightofthe -
mainspray.

. 5e effectofthespraystripsonthe~ow-sp’eedresistanceandtrim
characteristicsisgiveninfigure70,wheretheresistancesandtrhs

-. .— .-. -. —- .. . . . . . ....— — -—-—— -——-— — .C .—— — ——
-.. —
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oftheparentmodelwith.andwithoutspraystripsarecompared.The
spraystripsgenerallyincreasethetrima littleandreducetheresis-
tancea littleatthehmnp.

Althoughtheuseof concaveforebodysectionsins%eadofstraight
forebodysectionsiseffectiveinreducingthesprayheights,it isnot
quitesoeffectiveastheuseofspraystrips(seefig.69). ‘l’heresis-
tancesandtrimanglesoftheconcave-forebodymodelareslightlylower
thanthoseoftheparenthull,as showninfigure71.

Increasingtheforebodydead-risewarpinghasnegligibleeffects
onthemain-spraycharacteristics(seefig.69)andonthedisplacement-
speed-rangeresistanceandtrimcharacteristics(seefig.71). The
lowertrtiltiitofstabilityofthehullwithincreasedforebodydead-
risewarpingisonlyslightlylowerthanthatoftheparenthullat the
lowerspeeds,andslightlyhigherat speedsneartake-off,as shownin
figure72. Sincethemodelwiththeincreasedforebodydead-risewarping
wasidenticaltotheparentmodelfora beamlengthforwardofthestep
(seefig.1),itisnotsurprisingthatthereareonlysmalldifferences ,.
inthelowertrimlimitsof stabilityatthehigherspeeds.Increasing
theforebodydead-risewarping5mprovesthebowsprayslightly.

Warpingtheafterbodydeadrisedecreasesthehigh-speedresistances
appreciably,as showninfigure73,eventhoughthesternpostangleof

thewarpedafterbodyhullhadtbbe ~“ lowert- mat oftheparentmodel

inorderto obtainthesamehmp trtiastheparenthull. Warpingthe
afterbodyenablesthestepdepthtoh reducedfrom8.3percentofbeam
(4in.,fullsize)to at”least~.2 percentofbeam(2in.)withoutencoun-
teringskipptigon landing(seefig.74). .

Ingeneral,themodificationsimprovethehydrodynamiccharacter-
isticsofthe parenthull. Warpingthe-afterbodywouldpermita lower
depthofstepandconcaveforebodysectionswouldpermita reductionin
spray-stripsize.Theseimprovements,however,arenot~eat andwould
probablynotbe justifiedsincethecomplicationofthehulllineswould
entailincreasedcosts.

PhysicalPictureofTwo-StepPlanti’g
,.

Intheregion-ofthehumpspeed,a flying-boathullplanesonboth
theforebodybottomandtheafterb-odybottom.It isbelieved@structive
to constructa physicalpictureofthisphenomenonandoftheforces
andmomentsinvolvedintheprocess.Forthispurpose,underwaterphoto- .
graphsoftheparenthull-withoutspraystripsweretakento showthe.,.. ...

.

-—— .
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forebodyandafterbodywettedareas.Onesuchphotographisshownin
figure75,togetherwiththeforcesresultingfromthesewettedareas
as estimatedby themethodsgiveninreference18. A forcediagram,
togetherwithcalculationsoftheforebodyandafterbodyhydrodynamic
pitchingmoments,isgiveninfigure76.

An understandingofthephysicalpictureoftwo-stepplaningh the
vicinityofthehmnpwasutilizedindesigningtheparenthullofthe
series.Priortotheactuallayoutofthehulllines,valuesofhump
speed,hmnptrim,andwater-borneloadathmp speedwereassignedfor
thebasichullonthebasisofprevious’experience.Bymeansofthe
methodsgiveninreference18,theforebodywettedlengthwasestimated;
this,inturn,enabledan est~tion ofthecenterofpressureandof
thepitchingmomentdueto theresultanthydrodynamicforceonthefore-
bodytobemade.

Therequiredmomentgeneratedby theafterbodymustbalancethe’
momentproducedby theforebody.To determinethemomentproducedby
theafterbody,thewaveprofileh thewakeoftheforebodywasplotted.
A locationof-theafterbodywaschosenby trialanderror
resultingpositionofthecenterofpressure- determined
lengthoftheafterbody-’producedthemomentrequiredto
duetothehydrodynamicforceactingontheforebody.In
thesternpostanglewasdetermined.

so that the
fromthewetted
balancethat
thismanner,

Inordertousetheinformationgiveninreference18,itisneces-
saryto knowthehup trimandthespeedatwhichitoccurs.Thepre-
dictionofhmnptrtiisnoteasyandto titeisbasedonpreviousmodel
tests.Inorderto calculatethehmp trti,a relationshipbetweenthe
sternpostangle,theratioofafterhodylengthtobeam,andtheload
coefficienthastobe detemntied.Forthepresentseries,an empirical
relationshipbetweentBesequantitiesisgivenby thefollowing-

T
()

6 2CA
athmp, calculated= -0.8+ 1.2a+ —&/b

A comparisonofthemeasuredhumptr~ andthecalculatedhmp
isgiveninfigure77.

equation:

trims

Similsrly,thespeedatwhichthehumptrimoccurscanbe calculated
fromanempiricalrelationshipbetweentheratioofafterbodylengthto
beamandthesternpostangleas follows:

% athwp trim,calctited ()
= 1.14+0.60 ~ -o.023(u- 7.5)2

#
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A comparisonofthemeasured
calculatedspeedcoefficient

rumTN2503
.

speedcoefficientathmp trimandthe
athumptrimisgiveninfigure78.

CONCLUSIONS

Thefollowingconclusionswerereachedfromthehydrodynamicinvesti-
gationofa seriesofhullmodelssuitableforsmallflytigboatsand
-phibians:

1. It ispossibleto desigua hullwithsimplifiedlinessuitable
forsmallflyingboatsoram@ibians.

2.Refinementsinthehulllinessuchas concaveforebodysections,
ticreasedforebodydead-risewarping,andafterbodydead-risewarping
improvethehydrodynamiccharacteristics,butthegainsmaynotbeworth
theadditionalconstructioncostinpersonal-owner-zypeflyingboats.

3.Thebeamandsternpost&gle selectedto givethebestsprayand
resistancecharacteristicsfora particularlengthofhullalsogive
satisfactorylandingandporpoisingcharacteristics.

4.Comparisonofhullsofthesamelength,butv~g beam)Ona
co~tant-loadbasisshowsyingeneral)thatthe~OW h~~ havel-ess
resistance,beingbetterinthedisplacementandplaningspeedranges,
thoughworseinthevicinityofhumpspeed.Thenarrowerhulls~ however,
aremoredeeplyimmersedandconsequentlythrowmorespray.

5. ComparisonofthesehulM ona basisof constantforebodyplan-
formareashows,ingeneral,littlevar~tion~ sPraYheightwithbe~~
b thistypeofconq=tion,m rownessmustbe accompaniedby increased
lensrthifhullsofdifferentlength-beamratioareto”carrythesame
10Z. Theincreased
ofthe~W hull.

StevensInstituteof
Hoboken,N. J.,

lengthpart~ll.yoffsetstheadmtage h resistance

Technology
December29,1949

-——.
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APPENDIXA

EXPANSIONOFMODELRESISTANCEDATA

Ithasbeenlmownformanyyearsthatflying-boat-hullmodelresis-
tanceissubjectto scaleeffect.Thescaleeffectistheresultof
differencesinthemodelandfull-scalefrictionalresistancecoefficients
causedby thedifferentmodelandfull-scaleReynoldsnumberswhenmodel
andprototypearerunatequalFroudenumbers.Theproblemhasbeen
complicatedby thelackofknowledgeof full-scaleroughnessresistance.
Inthepast,ithasbeenthepractice,wheneverpracticable,to compare
theresistanceofmodelsof equalsize,therebycancelingscaleeffects.
Forfull-sizepredictions,resistancewasexpandedby thecubeofthe
scaleratio,reliancebeingplacedon largemodelsto reducescale
effect. Itwastacitlyassumedthattheincreasedroughnessdragof
thefull-sizeflyingloatwould-compensateforthedecreasedfrictional
resistance.As thescaleratiobecmne~eaterbecauseoftheticreased
sizeof flyingboatsandbecauseoftheuseof smallermodels,itbecame
apparentthatthisassumptionwastooconservative.Theneedfora
model-to-full-scaleresistanceexpansionshnilartothatusedinsurface-

. shipresistancetestingthusbecameapparent.No standardprocedurefor
expansionofflying-boatmodelresistance,however,hasachievedwide
acceptancebecauseofthelackofknowledgeconcerningfull-scalerough-
nessresistanceandthemanyarithmeticaldifficultiesinthecomputation.

Theprocedureforexpansionofmodeltestdatato fullsize(refer-
ence19),widelyusedinsurface-shipresistancetesting,utilizesthe
Schoenherrfrictionformulation.A stiilarmethodusedinC&manyin
model-seaplaneresistancetestingisgiveninreference20. I!Qthof
theseprocedures,however,requirewetted-areameasurementswhichare
notoftenrecordedh seaplanetests.Themethodsuggestedinthis
appendixissimplerthanthosegiveninreferences19or20 hasmuchas
wetted-areameasurementsarenotneeded.

TheSchoenherrfrictionformula,whichisofanawkwardform,can
be approxhnatedby an exponentialformulaforanyparticulararrangement
ofReynoldsnumbersdesired.Inparticular,iftheReynoldsnumberdoes
note~ceedabout2 X 107,thewell-knownformulaofPrandtland
vonKarm& canbe used.Thisformulaforthecoefficientof frictional
resistanceCf is:

Cf= 0.074(Re)-0”2

fromreference21wheretheReynoldsnumberRe isequalto YG/v.
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Formodeltestssuchasthese,wheretheFroudenumbersofmodel
andfull-scaleareequal,thefollowingrelationshipsexist:

linearscaleratio,fullscalemode1

@/2 speedscaleratio

At equalFroudenumbers,thetrimanglesofmo&l andfull-sizehulls
areequal,thewaveformationofthemodelisidenticaltothatofthe
prototype,andthedistributionofwettedareasisthesame.Thefric-
tionalresistanceisthereforeproportionaltothefrictional-resistance
coefficient.Usi.ngtheexponentid formofexpressionforthefrictional-
resistancecoefficientgivesthefollowingequationforthecorrection
factor,wheresubscriptsm and s areusedto denotemodelandfull
scale,respectively:

Theconversionofmodel frictionalresistanceto full-sizefrictional
resistanceisthen

= ‘fmL2”7
Thehydrodynamicresistanceisconsideredtobe composedofthe

resistancecomponentoftheforcenormalto theplantigbottomandthe
frictionalforcetangentialtotheplaningbottom.mis frictional force
includesthatoftheafterbodyaswellasthatoftheforebody.Thellft

.

— ———— —

.
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forceoftheafterbody,ifanyexists,isneglected.Trimishere
definedasthetruemeaninclinationoftheplaningareaandnotaea’
nominalfigurereferredtoanarbitraryreferenceltie.Thus,incom-
putingfull-scaleresistances,thefollowingstepsweretaken:

(1)

(2)

(3)

(4)

The

Totalmodelwaterresistance= Modeldynamicresistance+ model
frictionalresistance(wheremodeldynamicresistance= & tanT)

ModeldynamicresiatanceX X3 = Full-scaledynamicresistance

2“7 = Full-scalefrictionalModelfrictionalresistanceX h
resistance

Totalfull-scalewaterresistance= Item(2)+ item(3)

abovemethodofexpansionwasusedinthespeedrangefrom
60percentof get-awayto get-away,wherethefrictionalresistanceis
a largepartofthetotalresistance.Whentheseresistancesareplotted
againstspeed,theresultingcurveisstiilarto
Thelow-speedendofthiscurveisjoinedtothe
zerotohmp speed,labeledB infigure79,by a

curveA infigure79.
resistancecurvefrom
smoothcurvelabeledC.

——..—.—. .—— ..—. — ——— —- ——. ———- —.
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APPENDIXB

COMPARISONOFNACA40BEDESIGNANDE.T.T.MODELNO.1057

INTRODUCTION

Theseriesofhullsdescribedinthebodyofthisreportwasdesigned
onthebasisofpresent-dayhydrodynamicknowledgeandwastestedfor
longitudinalstabilityandma3n-spraycharacteristicsaswellas for
resistancecharacteristics.Thelastcomprehensiveworkon smallflying
boatswasthatundertakenby theNACAh 1934onthemodel40 series
inwhichtheonlycharacteristicoftheabovethreeinvestigatedwasthe
resistance.Sticethepresentstudycanbe consideredtobe a continuation
ofthemodel40 seriesstudy,itwasthoughtdesirabletomakea compari-
sonofthelongitudinalstability,spray,andresistancecharacteristics
ofthetwohullseries.~ order.todoso,oneofthedesignsinthe
model40serieswasbuilttothesamebeamas themodelsinthe
E.T.T. series,andtestedinthesame~er.

Thisappendixpresentsa comparisonoftheresistace,matispray,
andlongitudinalstabilitycharacteristicsbetweentwomodels- onein
eachseries- thathaveapproximatelythesamehullproportions.

MODELS

ThedesignselectedfromtheNACAmodel40 serieswasmodel40EE.
Thisdesign,builtto a 6-inchbeam,isdesignatedmodelno.1290-01.
Modelno.1057-04(havinga sternpostangleof9°)wasselectedfromthe
E.T.T.series.

Thesetwodesignshadpracticallythesameratiosof forebodyand
afterbodylengthtobeam,andtheste~post~gle ofthemodelselected
fromtheE.T.T.serieswastakentobe thesameas thatofthe&OEEmodel.

Thecenter-of-gravitylocationsforthetwomodelswereslightly
different,as canbe seenfromthefollowingtable:

Model
no.

1057-04
(E.T.T.)

12go-ol
(NACA40BE)

Centerofgravityabove Centerof gravityforward
forebodyload, ofstep,

(in.) (in.)
6.50 1.50

7.18 L 85
“

.—.-.—. —
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Modelno.1290-01wassetupwiththesamec~nter-of-gravitylocationas
hadbeenusedh theesrlierNACAtests,whilemodelno.1057-04hadthe
samecenter-of-gravitylocationusedforallnodelsintheE.T.T.series.

ThepertinentparticularsofbothmodelsaregivenintableIV,and
thehulllinesarepresentedin

Thedataobtainedfromthe
hOBEdesign- modelno.12~-01

figure80.

RESULTS

testsonthe6-inch-beammodelofthe
arepresentedincollapsedformona

summarychartin figure81. Thedataforthecorrespond-tigdesignin
theE.T.T.series- modelno.1057-04”- wereobtainedby interpolation
fromthedataobtainedonmodelsnos.1057-01and1057-03,whichare
presentedinsummary-chartforminfigures25and22,respectively.

Specificcomparisonsofthetwodesignswereobtainedfrom
summarychartsby usingtheload-fall-offcurvegiveninfigure

ANALYSISANDDISCUSSION

Thetwodesignswerecomparedon thebasisofa full-scale

the
82.

QCOBE
weightof 3000poundsanda t&-off speedof 68.7milesperhour. As
inthebodyofthereport,themodelresistanceswereexpandedto full
scaleby themethod.outlinedh appendixA.

Thelongitudinalstabilitycharacteristicsofthe@l%!design
(modelno.1290-01)arepresentedinfigure83,whichshowsthreetrim
trackslabeledA, B,andC. TrimtrackA isthatforbesttrtiandis
basedontheNACAdatareportedinreference1. TrimtrackB isthe

(
free-to-trimtrackCM .

)
0.0 asobtainedintheporpoisingtestsof

modelno.1290-01.TrtitrackC followsa fairedcurvefromthefree-
to-trtitrackinthevicinityofthehunptowardthetrimforminimum
resistanceat 90percentof get-awayspeedbutrisesatthehigh-speed
endtoavoidthelowertrimlimitof stability.

A comparisonofthelongitudinalstabilitycharacteristicsofboth
designsispresentedinfigure~. Thetrimtrackshownh thisfigure
formodelno.12g0-01isthesameasthatlabeledC infigure83. The
trtitrackformodelno.1057-04follows,fromhumpspeedto get-away,
a fairedcurvefromthefree-to-trimtracktothetrimforminimum
resistanceat 90percentof get-awayspeed.

—.. ..—---- .- .- ..__ —.—. — -.. ~—. — _____ —._
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than
Thelowertrimlimitofstability
thatforthe40EEdesign,andthe
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formodelno.1057-04islower
uppertrimlimitofstability

formodelno.1057-04ishi&er thanthat-forthe40BEdesign.The-
spreadbetweentheupperandlowertrimlimitsof stabilityat50miles

10formode1 no.1057-04andisonly4° forperhourisapproximatley~

the40BEdesign.Thisincreaseintherangeofstabletrimscanbe
accountedforby thedifferencesinthedesignofthetwohulls.

Previousinvestigations,reportedin‘references11and22,have
indicatedthatwarpingoftheforebodybottomof flyingboatslowered
thelowertrtiltiitof stability.Thewarpingoftheforebodybottom
wasaccomplishedbymaintatiingthesamekeelprofileandincreasing
thedead-riseangles.Thismethodisapproximatelyequivalentto an
upwardrotationoftheoriginalbottomwithrespecttothedesignrefer-
enceltie.Consequently,anymodificationwhichisequivalenttoan
upwardrotationoftheoriginalbottomwithrespecttothedesignrefer-
encelineshouldlowerthelowertrimlimitwhenthetrhnanglesare
referredtotheoriginaldesignreferenceline.

Oneofthedifferencesbetweenmodelno.1057-04andthe40EEdesign
isthehigherprofileofthel/4-beamwidthsformodelno.1057-04,as
showninfigure85. Thisdifferenceisapproxhnatelyequivalentto an
upwardrotationofthe40BEdesignwithrespectto thedesignreference
line.Sincethedesignreferencelineisthesameforbothhulls,the
lowertrimlimitof stabilityshouldhe lowerfortheupward-rotated
forebody,namelythatofmodelno.1057-04.

Thehigheruppertrimlimitofstabilityofmodelno.1057-04is .
primarilyduetotheincreaseddepthofstep;modelno.1057-04has
morethantwicethestepdepthofmodelno.1290-01.

Theresistancesofthetwomodelsarecomparedinfigure86. The
trimtracksuptohumpspeedarethezero-momenttrimtracks.The
differencesinthezero-momenttrimtracksareprimarilyduetothe
differenceincenter-of-gravitylocation.Fromhumpspeedto get-away
speed,thetrimtracksarethoseshowninfigure84.

Modelno.1057-04hashigherresistancesthanmodelno.1290-01M
thevicinityofthehump,butlowerresistancesathigherspeeds.The
take-offtimesfora 68.7-mile-per-hourtake-offspbedarethesamefor
bothmodels.Athighertake-offspeeds,modelno.1057-04hassomewhat
lowertake-offitiesjwhileat”.lowertake-offspeeds,modelno.1290-01
hassomewhatlowertake-offtimes.
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Thesprayheightsofthetwomodelsarecomparedh figure87. It
be seenfromthiscomparisonthatmodelno.1290-01hasslightly

lowerspraythanmodelno.1057-04.Thisisprobablyduetothefact
thatthespraystripsusedonmodelno.1.290-01increasethebeam,and
hencetheloadperunitareaofwettedbottomissomewhatlessthan
thatofmodeln:.1057-04.

CONCLUDIIJG~

TheE.T.T.design(modelno.1057-04) has

.

a greaterrangeofstable
trims,lowerhigh-speedresistances,andprobablybetterlanding
stabilitythantheNACA@lE design(modelno.1290-01).TheNACA
40BEdesignhaslowerlow-speedresistancesandsomewhatlowerspray.
heights.

.

.

—.—. -— —— .——— —–.—— —–
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Haua Lb8igmti0n I.mgth length step heightdDfUil?iBO en+ Imgth Bw

(a) (Q) (in, ) (in, ) (deg) (lied (rt) (ft) (Brf:) ;:Yot

Amphibian P-iZI-B 11.2.‘1 lW.4 x.7 2.4 7.0 32.8 17.55 9.8 3k.8 2.~

Bendix 71 140,3 144,4 @6 4.1 25.0 8.1 15.@ 8.9 36,4 2.18

Curtb+rigbt CA-1 129.O llklT w.k 3.7 19.0 8.7 12,~ 12.s ~.o >,OU

DO!l@aO Mlw 144,1 113,5 41.3 4.0 20.0 11.4 18. la IL2.7 40.0 4.03

Flee’w@ Bmabhd 1k6. 9 117.0 46.3 --- 19,3 ---- 16.10 1o.,130.0 3.41

Fokkar r-xl 174.8 D.8 3s.6 3.0 24.0 0.3 19.40 12.7 49.0 3.30

Goodymr OA-2 137.4 179,7 44.3 2.2 20.0 9.3 14.85 Il.1 31.4 3.93

&lmmeJl G21A IX.6 Krf.9 k3.3 2,4 25.0 8.5 1.2.~ 11.4 38.0 3.42

Grm Q-44A 139.0 55.6 44.5 2.9 20.0 8.7 14.E 11.9 34.6 4.10

Ke@xme Cmuter 151.2 34.0 4-4.4 --- 22.0 --– ----- IL 7 43.0 2.85

Fapublic 9eebaeR-3 130.8 U%.8 50:2 3.2 20.0 8.6 14.10 u..5 37.1 3.E16

sibx’e4 8-39 130.9 109.1 49.1 --- 22,s --- 15.63 14.7 40,0 5.26

Spencer-bnmnm-la 185.0 B.6 49.9 --- 15,0 — --— 13.9 33.8 5.72

A~ 140.7 I.u..8 47.2 3,2 19.8 .9.4 15.63 U_.8 36.9 3.77

186.0 159. -/ H 6 4.1 25.0 K2.8 19.* 14.5 L9.o 5.8)

u. 7 Ll+.o 41.T 2.2 7.0 8.1 12.p 8,9 27.0 2.18
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TABLEII

PARTICULARSOFPARENTMODELNO.102~01

Item Fullscale Model
I

Bcale 1 1/8

DIMENSIONS

&am,rmxdmum,h.
Beamatmainstep,in.
Forehodylength,In.
Afterbodylength,ti.
~erbo~ angle,deg
Stepheight,h.
Bternpostangle,deg
Length-beamratio
Center-of-gravitylocation
ForwardofEtep,in.
Aboveforebodykeel,in.

GroBsweight,~, lb
Srof3~ loadcoefficient,c~ (fnsshwater)
l?itchtigmomentOfWrtia, lbEq fi..
wingBpan,ft
Wingincidencewithforebodykeel,d.eg
Horizontaltailarea,sqft
raillength(c.g.to35-percentM.A.C.
oftail),.f%

48.00
47072
156.00
162.00
6.6
4.00
8.0.
7.63

$::
3000

“ 0.753
1.245X107
40.4

32:;

15.63

AERODYNAMICCHARACTERISTICS

6.00
5.96
19.50
20.25
6.6
0.50
8.0
7.63

1.50
6.50
5.86
0.753
3e0
5.05
5.0
0.577

1.954

CLatT = @ (take-d’ftrim)

~L/dT (w@3),p-=@
~~/dT (tail),perdeg
dM/d.q,lbft8ec~rad
dM/de,lbft/deg

1.2
.0..073
0.050
30.7ve
o.0343V*2

L 2
0.073
0.@o

7.53x 10-3Pm
6.71X 10_5Pm:

Item

Speed

Length ‘
Area
volume
Moment

MomentofInertia

Rat io of W-male dinensioll
tomodeldmension

.

‘-.’. .. —-.. . . ..

33
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TABLElm

DRAGCommcmt?m Am mm m PROPELLERoEAMmmmTIcs

PORBACH OF ITiE’EIREEWIl13AFlEMUSPDPORCCMPUC.U7G

FULLWALE FLI@T PEY9~E

Uing Nacelle Hull Hull
T.#m-off wing Tip CDO

!Me.1

area swed Tail
fI.oati %0 %0 Hull ‘% Aqx3ct

sq ft) (mph) c~o No bae~ baeed frontal bed ratio,

%
be-ma

on wing, on wing on hull
(y%)

on Vtig n

(1)
am5a area frcaltil area

area (2)

2’+2 0;o12 00C@-9 0,Oolzl 0,W206 o.Ocg-1
2& .%;

22,0
.034’0

0.I-2 O.of?m
.0L2

6.00
. Om.2 . C13326 , O= 22.0 .12

v. 4 .012 .W4a .-
.03401

.0012
7.@

, o16m 22.0 .I.2 .03908 10.00

Engine R6pelhr ~3)
W’i.ng

‘ area Swd
Blade Power

(Eqft) (mph) Ikrdacturer number Power speed. Diameter angle
(bhP) (J@

at uaxhum
(ft) at 0.75R

(dog)
@eil
(thp)

272 135 Continantii 2-185-5 m 2300
m

7.5 18
149

lbg
Pranklin QIM1.$m 21.5 7.5 18

163 16$
In

Frankl.in 245 * 8.0 22 207

%ng eection W en lW!A 2415 rod ad an ItACAk@ tip (.eereference23). =@=

%tal.~-TotalC~+~where ~ L91.Mtcoefflclerrtandn w effective

=Peti ~tti (reference17). 2ymb01 n in taken here ma equl to mpect ratio, spn2/vbg area,

he reference.24 and 23.

t
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.
TABLEIV

PARTICULARSCIFMODELNO.1~-okA19DMm NO.1290-01

Moti-lno.1057-04Modelno.12~01
Item E.T.T.design NACA40BEdesign

1/8scab ‘ 1/8’Bcab

DIMENSIONS

Beamatmainstep,in. :.:; 6.ti
Eeam,m., In.
Beam,max.overspraystrips,in. 6:0 .2:$
Forebodylength,in. 19.50 19.38
AfterEo@length,h 27.00 26.77
Afterbodyangle,deg 8.0 8.5
SternPostangle,deg 9.0 .9.0
Stepheight,in. 0.50 0.23
Length-beamratio 7.75, 7.69
Center-of-gravitylocation
ForwardOfStep,in. 1.50 -
Aboveforebodykeel,in. 6.50 ;:!?!

Groa8weight,~, lb 5.86
GroOsloadcoefficient,C~ (freshwater) 0.753
Pitchingmamentofinertia,lbin.2 3&)
WlrlgSpan,ft 5.05
Wingincidencewithforebodykeel,deg 5.0
Horizontaltailarea,sqf-t 0.577
Taillength(c.g.to350percentM.A.C.
oftail),f-t 1.9%

Aerodynamiccharactertitics

CLatT = 60 (take-ofl trim) 1.2
~~dT (wing), p3rdeg .073
~~dT (tail),perdeg .050 ‘
dM/dq,lbf%sec/r&d 7.53x lo+ ,“
dM/de,lbft/deg 6.~ X l@v~2

Item Hatioofflill-Elcaledimemhl
tomo*l*nsion

Speed ~1/2 = 2.81
Length ?.; 8.00
Area X2= 6.40X 1~
Volume X3=5.U2X102 , -
Moment X4= 4.096x 103 “

MomentofInertia “ ,~5=3.277xlo4
— — .
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MOOELNQ !043-06 0.29bFMl OFSTEP

CG= Lt4 b~~ ~
Cti=~;:3(WW TESTEDATSJ.TN0,3TW

tbxL BEAM5.25” =, DATE: 2-19-48

).091 I I I I I I I
FREE-bTRIM RESISTANCEANDTRIM

).00 DISPLACEMENTRANGE

n TRIM
107 I I I I4-

/“
q = I.o’d i2-

/.’
0.85 d

&lo-
4

Ml-4 v /“ ‘ Y
g+3-

— 4
L03 d-

- ~
102
/

Lol
G;/G’:

2-

16 I

14 T.

.

.

Figure15.

.



_— -
——

51

NAc ‘-’”

%+=2%?4AT10N:371‘U.93-zuGAO=1.123(NO~’w
OFsTEP—

\oAJ=— I I ! I 1

.0.07 --

R~Slm GE
.0.0 6-$

(s

-M 3’

4.02

. I

1

v!;

I

,-

I
L12 all

=s= –

ao5
I

__ —--- –

_— —––-—————”—
_. —- —------



—.. —.————-——. -.— ... ——-. . . .

52 mm m 2503

DESIGNATION:3.71-1.19-20
MODELNQ J054-01

GG=~ : ~:=~p
C&X~i~j4(WlWlJ T~UD ATS.I.T Nom3TAN

Moon Bw~ 5.25’ - ma DATE: 6- 24-4B

HULLLINES

----

ao9 - I
FREE-TO-TRIMRESISTANCEANDTRIM

Doe DISPLACEMENTRANGE

no7

%0

).02P

).01

1234 $ f? 7 e ? 10 1,1 I? 13 Is l? Ip IT Ip Is

14

12

10

t

.—-— —. .-— —— ——



NACATN 2503 53

I

Figure18.
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DESIGNATION:3.71-1.58-20
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DESIGNATION:3.25-0.83-20
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DESIGNATION:3.25-1.04-20
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DESIGNAmON:3.25-1.04-20
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DESIGNATION:3.25-1.38-20
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DESIGNATION:3.25-1.38-20
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DESIGNATION:2.89-0.74-20
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DESIGNATION:2.89-0.74-20
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DESIGNATION:2.89-0.93-20
MODUNa 1058-01 ~G=Q!?2b~ OF C~.=0.529 (~~ TESTEDAT Sol.t Na3 TANI
MOML BEAMI6.75” Q96b ABOVEKEEL kAQ.M4 DATE: 1-7-49

a no ! I I I I I I I I 1’ I ! I I ! I I I
FREE-TO-TRIMRESISTANCEANDTRIM

-16

-14
‘-+kJ4j-

-12
. .

$!
G/h “ ao4

-10-

-8- !I
0.03

g /{ /

+E /

RESISTANCEANDST* ILITY’GHARACl+RISTICk \
(

PLANINGRANGE
\

-4
.! ( !

Mq/V$b4= ‘\ \ :\~ 1
-2 \.–.

;,’-& /G” ,, ‘
\\

035 030 0.20 0.15 0.10 W$
. . . .. .. . . . ,:. . .-

‘.

Fi~e 31..



67

DESIGNATION:2.89-0.93-20
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MODELNQ 1058-02 ~@u!2 bFWD.OF Ca.‘~~ (~1~) TESTEDATS.1.1No.3 T~NI
t#XEL8EbMI6.75” 0.66 bABUvEKEEL kAa244 mTE: 10-31-49

16

14

12 ~—

Figure33.
.“



NACATN 2303 69

.

DESIGNATION:2.89-1.23-20
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DESIGNATION:2.89-1.23-20
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DESIGNATION:3.25-1.04-20
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DESIGNATION:3.25-1.04-20
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